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[Name of the Document] Specification 
[Title of the Invention] HEATING APPARATUS 
[What is claimed is] 
5 [Claim 1] 

A heating apparatus for heating a material to 
be heated, the material being inserted in a nip to be 
nipped and conveyed therein using heat of a rotary 
member, comprising: a rotary member; an opposing 

10 member forming a nip with respect to said rotary 

member; a heating member for heating another portion 
other than the nip in a surface of said rotary 
member; and temperature control means for controlling 
a temperature of the rotary member heated by said 

15 heating member, wherein after insertion of the 
material to be heated in the nip starts, the 
temperature control means raises a control 
temperature of said heating member before the 
completion of one revolution of rotary member. 

20 [Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a heating 
apparatus which is preferably used as a fixing 
2 5 apparatus of an image forming apparatus such as a 

copying machine or a printer. The fixing apparatus 
heats a recording material, on which a toner image 
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made of a heat-softening resin is formed and carried, 
to form a permanently- fixed image on the recording 
material. 
[0002] 

5 More particularly, the present invention 

relates to a heating apparatus of a type for heating 
a surface of a rotary member for heating the heating 
material (the material to be heated), the apparatus 
including: the rotary member for heating the heating 

10 material; an opposing member that forms a nip with 
respect to the rotary member; a heating member for 
heating a portion of a rotary member surface other 
than the nip; and temperature control means for 
controlling temperature used for heating the rotary 

15 member by the heating member, in which the heating 
material inserted in the nip to be nipped and 
conveyed therein using heat of the rotary member. 
The present invention also relates to an image 
forming apparatus including the heating apparatus as 

20 a fixing apparatus. 
[0003] 
[Prior Art] 

For convenience, description will be made 
taking as an example an image forming apparatus such 

25 as an electrophotographic copying machine, a printer, 
or a fax machine. 
[0004] 
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A fixing apparatus of an image forming 
apparatus is used for a process of heat-fixing an 
unfixed toner image to a surface of a recording 
material as a permanently-fixed image. The unfixed > 
5 toner image is obtained in an image forming part of 
the image forming apparatus appropriately by means of 
an image forming process such as electrophotography, 
electrostatic recording, or magnetic recording. The 
unfixed toner image is formed on the surface of the 
10 recording material by using toner (a visualizing 

agent) composed of a heat-fusing resin or the like in 
a direct method or an indirect (transferring) method. 
[0005] 

Up to now, examples of the fixing apparatus 
15 include a heating roller type and a film heating type. 
[0006] 

The heating roller type employs a heating 
apparatus that heat -fixes an unfixed toner image to a 
surface of a recording material by including: a 

20 fixing roller (heating roller) and a pressure roller, 
which compose a rotating roller pair; a heat source 
such as a halogen lamp built within the fixing roller 
so as to heat a portion to or control its temperature 
at a predetermined fixing temperature; and a press - 

25 contact nip portion (fixing nip portion) between the 
rotating roller pair through which the recording 
material as a heating material (a material to be 
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heated) , on which the unfixed toner image is formed 
and carried, is introduced, nipped, and conveyed. 
[0007] 

The film heating type employs a heating 
5 apparatus that includes: a film having a small heat 
capacity instead of the heating roller so as to nip 
and convey a recording material between the film and 
the pressure roller; and a heater disposed to an 
inner surface of the film so as to heat the recording 
10 material. The film heating type increases the 

temperature for a short period of time, and is thus 

utilized as an on-demand fixing apparatus. 

[0008] 

On the other hand, if the fixing roller or the 
15 film is coated with a resilient layer made of rubber 
or the like, the resilient layer functions as a heat 
insulating layer against the heating from the inside. 
Therefore, it takes longer even for the film heating 
type to increase the temperature, making it difficult 
20 to secure on-demand. 
[0009] 

In the case of coating a surface of a rotary 
member for heating a recording material as a heating 
material with a resilient layer, a releasing layer, 
25 or the like having heat insulating property, there is 
proposed an apparatus of a surface-heating type in 
which heat is supplied from a surface side of the 
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rotary member (refer to, for example, patent document 
1). According to the apparatus of the surface - 
heating type, heat can be supplied from the surface 
of the rotary member for heating, improving 
5 responsiveness to power supply to a heater as a 

heating source. Even in the case of using the rotary 
member coated with the resilient layer, it is 
possible to reduce rising time. 
[Patent Document 1] 
10 Japanese Patent Application Laid-Open No. H10- 

133505 
[0010] 

[Problems to be solved by the Invention] 

However, in the apparatus of the surface- 

15 heating type, the rotary member has a temperature 

gradient that decreases from its surface to its deep 
part. Thus, even if the surface of the rotary member 
is deprived of heat due to insertion of the recording 
material as a heating material, there is little heat 

20 to be supplied from the inside of the rotary member. 
As a result, the amount of heat to be supplied to the 
recording material from the rotary member having a 
large amount of stored heat in the first revolution 
is different from that in the second revolution or 

25 later, causing a problem in that an uneven gloss 

(gloss non-uniformity) occurs due to uneven heating. 
[0011] 



The above circumstances have created a demand 
for a fixing apparatus with reduced rising time and 
without an image defect such as an uneven gloss 
occurring due to uneven heating. 
5 [0012] 

The present invention is therefore to provide a 
fixing apparatus of a surface-heating type which can 
meet the above-mentioned demand. 
[0013] 

10 [Means for solving the Problems] 

According to the present invention, there is 
provided a heating apparatus for heating a heating 
material inserted in a nip to be nipped and conveyed 
therein using heat of a rotary member, including: the 

15 rotary member; an opposing member that forms the nip 
with respect to the rotary member; a heating member 
for heating another portion other than the nip in a 
surface of said rotary member; and temperature 
control means for controlling a temperature of the 

2 0 rotary member heated by said heating member, in which 
after insertion of the heating material in the nip 
starts, the temperature control means raises a 
control temperature of said heating member before the 
completion of one revolution of rotary member. 

25 [0014] 

<Operation> 

Namely, as for the rotary member that receives 
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heat supply of a surface-heating type by the heating 
member in a portion of the rotary member surface 
other than the nip for heating the inserted heating 
material, after the insertion of the heating material 
5 in the nip starts, the control temperature of the 
heating member for heating the rotary member is 
increased before the rotary member rotates by one 
revolution. Accordingly, heat supplying capacity of 
the rotary member with respect to the heating 
10 material can be maintained constant, 
[0015] 

The control temperature of the heating member 
is decreased before the discharging of the heating 
material from the nip completes , that is , the control 
15 temperature of the heating member is recovered before 
discharging the heating material. Accordingly, while 
the heating material is not inserted, the temperature 
of the rotary member can be prevented from increasing. 
[0016] 

20 According to the above actions, there can be 

provided an image forming apparatus in which image 
non-uniformity such as uneven gloss is not generated 
even if the heating apparatus is used as an energy- 
saving fixing apparatus with shorter rising time. 

25 [0017] 

[Embodiments of the Invention] 

<First Embodiment; Figs 1 to 6 , 11 and 12> 
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(1) Example of image forming apparatus 
Fig. 2 is a structural diagram showing an 
outline of an example of an image forming apparatus. 
As the image forming apparatus of this embodiment, a 
5 full-color electrophotographic printer is used, which 
is an apparatus using a center reference for passing 
paper with the widthwise center of a recording 
material aligned with the lengthwise center of the 
image forming apparatus. 
10 [0018] 

Numeral 11 denotes a photosensitive drum (image 
bearing member) of an electrophotographic process 
which is composed of an organic photosensitive member. 
The photosensitive drum 11 is driven to rotate 
15 clockwise as indicated by an arrow at a predetermined 
process speed (peripheral speed) V (= 120 mm/sec). 
[0019] 

During the rotation drive process, the 
photosensitive drum 11 is uniformly charged to a 
20 predetermined polarity and potential by a charging 
device 12 such as a charging roller. 
[0020] 

The charged surface of the photosensitive drum 
11 of an electrophotographic type then undergoes 
25 scanning and exposure based on target image 

information by laser light 13a outputted from a laser 
optical box (laser scanner) 13. The laser optical 
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box 13 outputs the laser light 13a modulated (turned 
on or off) corresponding to time series electrical 
digital pixel signals of the target image information 
from an image signal generating apparatus (not shown) 
5 such as a computer, and subjects a photosensitive 
drum surface to scanning and exposure. As a result 
of the scanning and exposure, an electrostatic latent 
image corresponding to the target image information 
used for the scanning and exposure is formed on the 
10 photosensitive drum 11 surface. Numeral 13b denotes 

a mirror for reflecting the laser light 13a outputted 
from the laser optical box 13 to an exposure position 
on the photosensitive drum 11. 
[0021] 

15 In the case of forming a full-color image, the 

scanning and exposure and the forming of a latent 
image are performed on a first color separation 
component image, for example, a yellow component 
image, of a target full-color image, and the latent 

20 image is developed as a yellow toner image by the 

action of a yellow developing device 14Y among four- 
color developing devices 14. The yellow toner image 
is transferred onto a surface of an intermediate 
transfer drum 16 at a primary transfer portion Tl 

25 that is a contact portion (or proximate portion) 
between the photosensitive drum 11 and the 
intermediate transfer drum 16. The photosensitive 
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drum 11 surface that has undergone the transfer of 
the toner image onto the intermediate transfer drum 
16 surface is cleaned by a cleaner 17 that removes 
adhesion residuals such as untransf erred toner 
5 therefrom. 
[0022] 

The above process cycle including charging, 
scanning and exposure, development, primary transfer, 
and cleaning is sequentially executed for respective 

10 color separation component images of the target full- 
color image, that is, a second color separation 
component image (for example, magenta component image 
by the action of a magenta developing device 14M) , a 
third color separation component image (for example, 

15 cyan component image by the action of a cyan 

developing device 14C) , and a fourth color separation 
component image (for example, black component image 
by the action of a black developing device 14BK) . 
Then, four-color toner images in total, that is, the 

20 yellow toner image, a magenta toner image, a cyan 
toner image, and a black toner image, are 
sequentially transferred onto the intermediate 
transfer drum 16 surface. Thus, the four-color toner 
images are composited to form a color image 

25 corresponding to the target full-color image. 
[0023] 

The intermediate transfer drum 16 has a medium- 
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resistivity resilient layer and a high-resistivity 
surface layer on a metal drum. The intermediate 
transfer drum 16 is driven to rotate counterclockwise 
as indicated by an arrow at approximately the same 
5 peripheral speed as the photosensitive drum 11 while 
being in contact with or proximate to the 
photosensitive drum 11. The metal drum is applied 
with a bias potential to produce a potential 
difference with respect to the photosensitive drum 11 
10 so as to transfer the toner image on the 

photosensitive drum 11 side onto the intermediate 

transfer drum 16 surface side. 

[0024] 

In a secondary transfer portion T2 that is a 
15 contact nip between the intermediate transfer drum 16 
and a transfer roller 15, the composite color toner 
image on the intermediate transfer drum 16 surface is 
transferred onto a recording material P that has been 
sent out to the secondary transfer portion T2 from a 
20 paper feeding part (not shown) at a predetermined 
timing. The transfer roller 15 supplies charges 
having the polarity opposite to the toner from a back 
surface of the recording material P to thereby 
collectively transfer the composite color toner image 
2 5 onto the recording material P side from the 
intermediate transfer drum 16 surface side 
continuously . 
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[0025] 

The recording material P that has passed the 
secondary transfer portion T2 is separated from the 
intermediate transfer drum 16 surface, is introduced 
5 to a fixing apparatus 10, has an unfixed toner image 
heat -fixed, and is discharged to a discharge tray 
(not shown) outside the image forming apparatus as a 
material formed with a color image. 
[0026] 

10 Used as the fixing apparatus 10 is a heating 

apparatus according to the present invention. The 
fixing apparatus 10 will be described in detail in 
the next section (2). 
[0027] 

15 The intermediate transfer drum 16 that has 

undergone the transfer of the color toner image onto 
the recording material P is cleaned by a cleaner 18 
that removes adhesion residuals such as untransf erred 
toner and paper powder therefrom. The cleaner 18 is 

20 normally held without contact with the intermediate 
transfer drum 16. While the color toner image is 
being secondarily transferred from the intermediate 
transfer drum 16 onto the recording material P, the 
cleaner 18 is held in contact with the intermediate 

25 transfer drum 16. 
[0028] 

Meanwhile, before an image is formed in the 
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fourth color (BK) , the transfer roller 15 Is also 
held without contact with the intermediate transfer 
drum 16, While the color toner image is being 
secondarily transferred from the intermediate 
5 transfer drum 16 onto the recording material P, the 
transfer roller 15 is held in contact with the 
intermediate transfer drum 16. 
[0029] 

Compared to such full-color image forming 
10 operation, during mono-color image forming operation, 
only the black developing device 14BK is operated 
without switching the developing devices. A next 
page image can be continuously formed on the 
intermediate transfer drum 16, and a series of image 
15 forming operation is performed while the transfer 

roller 15 and the cleaner 18 is in abutment with the 
intermediate transfer drum 14. Therefore, an image 
can be formed in the mono-color image forming about 
four times as fast as in the full-color image forming. 
20 The recording speed according to this embodiment is 4 
pages (A4 size) per minute in the full-color image 
forming and 16 pages per minute in the mono-color 
image forming. 
[0030] 

2 5 By repeating the above operation, the image 

forming can be continuously performed. Fig. 11 is an 
operation bar chart of the image forming apparatus. 
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[0031] 

1) Multi pre-rotation step 

A multi pre-rotation step corresponds to a 
starting (activating) operation period (warming 
5 period) for the image forming apparatus. By turning 

on a main power switch of the image forming apparatus , 
a main motor of the image forming apparatus is 
activated to execute preparation operation for 
necessary process devices. 
10 [0032] 

2) Stand-by 

After the predetermined starting operation 
period ends, drive of the main motor stops, and the 
image forming apparatus maintains a stand-by 
15 (waiting) status until an input of a print job 
starting signal. 
[0033] 

3) Pre-rotation step 

A pre-rotation step corresponds to a period 
20 during which the main motor is driven again in 

response to the input of a print job starting signal 
and print job pre-operation for the necessary process 
devices is executed. 
[0034] 

25 More practically, the procedure is as follows 

in the stated order: (1) the image forming apparatus 
receives the print job starting signal, (2) a 
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formatter expands an image (expansion time varies 
depending on the amount of image data or the process 
speed of the formatter), and ( 3 ) the pre-rotation 
step starts, 
5 [0035] 

Note that in the case where the print job 
starting signal is inputted in the multi pre-rotation 
step of the above paragraph 1, the multi pre-rotation 
step is followed by the pre-rotation step, skipping 
10 the stand-by of the above paragraph 2. 
[0036] 

4) Execution of print job 

After the predetermined multi pre-rotation step 
ends, the image forming process is subsequently 
15 executed and the image-formed recording material is 
outputted. 
[0037] 

In the case of continuous print jobs, the image 
forming process is repeated, thereby outputting a 
20 predetermined number of sheets of the image- formed 
recording materials sequentially. 
[0038] 

5) Paper interval step 

In the case of continuous print jobs, a paper 
25 interval step is a step for the interval between a 

trailing edge of a recording material P and a leading 
edge of the next recording material P, and 
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corresponds to a period during which paper is not 
passing a transfer part or the fixing apparatus. 
[0039] 

5) Post-rotation step 
5 A post -rotation step corresponds to a period 

for executing print job post -operation for the 
necessary process devices by continuously driving the 
main motor even after outputting the image-formed 
recording material (end of print job) in the case of 

10 a print job for only one sheet, or even after 

outputting the last image-formed recording material 
for continuous print jobs (end of print job) in the 
case of the continuous print jobs. 
[0040] 

15 6) Stand-by 

After the predetermined post -rotation step ends, 
drive of the main motor stops, and the image forming 
apparatus maintains a stand-by (waiting) status until 
an input of the next print job starting signal. 

20 [0041] 

(2) Fixing apparatus 10 

Fig. 1 is a cross-sectional schematic diagram 
of the fixing apparatus 10. The fixing apparatus 10 
is a heating apparatus of a surface-heating type 
25 according to the present invention. The fixing 

apparatus 10 includes: a fixing roller 1 as a rotary 
member for heating the recording material P as a 
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heating material; a pressure roller 3 as an opposing 
member that forms a fixing nip Nl with respect to the 
fixing roller 1; a surface-heating unit 2 as a 
heating member for heating a surface of the fixing 
5 roller 1; and temperature control means 5, 100, and 
101 for controlling temperature used for heating the 
fixing roller 1 by the surface-heating unit 2. 
[0042] 

The fixing roller 1 is a resilient roller with 
10 an outer diameter of 20 mm composed of a core metal 
la, a silicone rubber layer lb with a thickness of 3 
mm which coats an outer periphery of the core metal 
la, and a PFA resin lc with a thickness of 50 pm 
which coats an outer periphery of the silicone rubber 
15 layer lb. 
[0043] 

Similarly, the pressure roller 3 is a resilient 
roller with an outer diameter of 20 mm composed of a 
core metal 3a, a silicone rubber layer 3b with a 

20 thickness of 3 mm which coats an outer periphery of 
the core metal 3a, and a PFA resin 3c with a 
thickness of 50 pm which coats an outer periphery of 
the silicone rubber layer 3b. The pressure roller 3 
is pressed onto the fixing roller 1 at a 

25 predetermined applied pressure (100 N) to form the 

fixing nip Nl as a nip portion for a heating material. 
[0044] 
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The surface-heating unit 2 includes a ceramic 
heater 2b as heating means (heating source) , a heater 
holder 2c that supports the ceramic heater 2b , a 
heating film 2a of an endless belt shape (cylindrical 
5 shape) externally fitted rotatably around the heater 
holder 2c , and a pressure stay 2d. The pressure stay 
2d presses the heater holder 2c onto the fixing 
roller 1 against resilience of the silicone rubber 
layer lb, and brings the ceramic heater 2b into press 
10 contact with the fixing roller 1 through the heating 
film 2a, thereby forming a heating nip N2 . 
[0045] 

The heating film 2a has a peripheral length of 
56.5 mm and is obtained by coating a surface of a 

15 polyimide (PI) resin of 40 pm in thickness with a PFA 
resin of 10 |im in thickness. The ceramic heater 2b 
has an output of 700 W and is obtained by printing a 
resister on alumina of 8 mm in width and 1 mm in 
thickness, the resister being protected by glass from 

20 above. 
[0046] 

The fixing roller 1 is driven to rotate 
clockwise as indicated by an arrow of Fig. 1 by 
driving means M. Simultaneously with the rotation 
25 drive of the fixing roller 1, the pressure roller 3 
is rotated counterclockwise as indicated by an arrow 
due to friction within the fixing nip Nl . At the 
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same time, the heating film 2a of the surface-heating 
unit 2 is rotated around an outer periphery of the 
heater holder 2c counterclockwise as indicated by an 
arrow due to friction within the heating nip N2 while 
5 an inner side of the heating film 2a slides in close 
contact with a surface of the ceramic heater 2b. 
[0047] 

The ceramic heater 2b as the heating means of 
the surface-heating unit 2 increases temperature 

10 rapidly by allowing power supply to an electrical- 
heat-generation resistive layer from the power supply 
circuit 101. The heat generation from the ceramic 
heater 2b causes the surface of rotating fixing 
roller 1 to be heated through the heating film 2a in 

15 the heating nip N2 . 
[0048] 

In this embodiment, the thermistor 5 as 
temperature detecting means is abutted against a back 
surface of the ceramic heater 2b. Based on a 

20 temperature detected by the thermistor 5, the control 
circuit 100 as the temperature control means controls 
a state where power is supplied from the power supply 
circuit 101 to the ceramic heater 2b to control 
temperature so as to maintain the surface temperature 

25 of the fixing roller 1 at a predetermined fixing 
temperature . 
[0049] 
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In a state where: the fixing roller 1 is driven 
to rotate; the pressure roller 3 and the heating film 
2a of the surface-heating unit 2 are rotated; and 
power is supplied to the ceramic heater 2b of the 
5 surface-heating unit 2 to heat and control the 

surface temperature of the fixing roller 1 to and at 
a predetermined fixing temperature, a recording 
material P bearing an unfixed toner image t as a 
heating material is introduced into the fixing nip Nl 

10 between the fixing roller 1 and the pressure roller 3. 
Then, the recording material P passes the fixing nip 
Nl along with the fixing roller 1 in close contact 
with an outer surface of the fixing roller 1. While 
passing the fixing nip N, the toner image t is heated 

15 by heat conduction from the fixing roller 1, thereby 
being subjected to heat-fixing of toner image. The 
recording material P that has passed the fixing nip 
Nl is separated from the outer surface of the fixing 
roller 1 on a recording material exit side, and 

20 further conveyed • 
[0050] 

( 3 ) Temperature control 

According to this embodiment, heat is supplied 
to the fixing roller 1 surface from the surface- 
25 heating unit 2, and the recording material P is 

heated by the heat supplied to the fixing roller 1 . 
In order to follow up a change in the temperature of 
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the fixing roller 1 surface and have the temperature 
converge on a target temperature rapidly, the control 
circuit (CPU) 100 controls the state where the power 
is supplied to the ceramic heater 2b by PID control 
5 (determining the next state by 

proportional/integral/derivative processes based on a 
change in past temperature over the elapse of time). 
[0051] 

Fig. 3 shows the control according to this 
10 embodiment over the elapse of time, and indicates the 
target temperature and the power that is inputted to 
the ceramic heater 2b with the insertion of the 
recording material P in the fixing nip Nl set as a 
starting point. 
15 [0052] 

In this embodiment , in order to maintain 
constant the heat supplying capacity of the fixing 
roller 1 with respect to the recording material P, 
the target temperature is set at Tl = 200QC in the 

20 first revolution, and changed to T2 = 250QC in the 
second revolution. The ceramic heater 2b and the 
heating film 2a according to this embodiment have an 
extremely small heat capacity, allowing an 
instantaneous increase in temperature of the heating 

25 film 2a (with a stand-by temperature increase rate of 
approximately 80QC/sec). Therefore, the target 
temperature may be switched from Tl to T2 when a time 
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sl (= L/V) elapsed after the insertion of the 
recording material P in the fixing roller 1. The 
time sl is a time required for the fixing roller 1 to 
rotate by a distance (L = 40 mm) from the fixing nip 
5 Nl to the heating nip N2 . 
[0053] 

Hereinbelow, description is made of operation 
of this embodiment along a flow chart of Fig. 12. 
[0054] 

10 1) At the start of printing, power supply to 

the ceramic heater 2b starts, and the temperature is 
controlled at the target temperature Tl based on the 
temperature detected by the thermistor 5. 
[0055] 

15 2) A timer s is initialized at the time point 

when the recording material P reaches the fixing nip 
Nl , and the target temperature is switched over to T2 
at the timing when the time sl elapsed. 
[0056] 

20 3) In the case of continuous printing operation, 

to prepare for the next recording material, the 
target temperature is switched from T2 back to Tl a 
time s2 before the timing when the recording material 
P is discharged from the fixing nip Nl. The time s2 

25 is a time required for the fixing roller 1 to rotate 
by a distance from the heating nip N2 to the fixing 
nip Nl. The operation prevents the fixing roller 1 
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from being overheated during the paper interval step. 
[0057] 

4) At the end of printing, power supply to a 
heater is turned off. 
5 Note that the control circuit 10 0 performs the 

temperature control of Fig. 3 over the elapse of time 
by calculating the time point when a fed recording 
material P reaches the fixing nip Nl and is about to 
be inserted therein and the time point when the 

10 recording material P is discharged from the fixing 

nip Nl based on information including the time point 
when the recording material P is fed, the time point 
when the recording material P is timing-fed by a 
registration roller, the conveying speed of the 

15 recording material P, and the recording material size 
thereof. 
[0058] 

( 4 ) Compar at ive example 

Figs. 4 (a) to 4 (c) are model diagrams for 
20 explaining the phenomena caused in this embodiment. 

Fig. 4 (a) shows a temperature distribution within a 
silicone rubber layer of a type that is heated from 
an inside of a fixing roller according to a 
conventional example. In order to obtain a 
25 temperature TO in a surface of the fixing roller 

(outside of rubber), a deep part of the rubber layer 
is maintained at a high temperature. It requires a 
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large amount of heat to reach such a state. Thus, it 
takes long to reach the temperature capable of fixing. 
Meanwhile, after heat is supplied to a recording 
material from the surface of the fixing roller, heat 
5 is constantly supplied from a high temperature region 
in the deep part. The state in the second revolution 
can be maintained similarly to that in the first 
revolution. 
[0059] 

10 Fig. 4 (b) shows the case of a comparative 

example in which a fixing apparatus of a surface - 
heating type is used to maintain the surface of the 
fixing roller 1 at a constant temperature Tl (180QC). 
Fig. 4 (b) also shows a change in a temperature 

15 distribution within the silicone rubber layer lb in 

the case of inserting the recording material P in the 

fixing nip Nl . 

[0060] 

During the first revolution of the fixing 
20 roller 1 after the insertion of the recording 

material P, heat is stored not only in the surface of 
the fixing roller 1 but also in its deep part and in 
the vicinity of its surface due to the heating before 
the insertion of the recording material P (during the 
25 paper interval step or the pre-rotation step), 
providing the fixing roller 1 with a high heat 
supplying capacity. On the other hand, within the 
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heating nip N2 in the second revolution or later, 
only the vicinity of the surface of the fixing roller 
1 is heated, increasing its temperature. However, in 
the fixing nip Nl, the fixing roller 1 undergoes 
5 thermal relaxation (a phenomenon that temperature is 
equalized due to thermal diffusion), and its actual 
temperature is low. Thus, the heat supplying 
capacity of the fixing roller 1 can be assumed to be 
lowered. 
10 [0061] 

In such conditions, it is observed as shown in 
Fig. 5 that the temperature of the discharged 
recording material P decreases stepwise between the 
time corresponding to the first revolution and the 
15 time corresponding to the second revolution or later. 
[0062] 

Fig. 4 (c) is a model diagram showing a change 
in the temperature distribution within the silicone 
rubber layer lb in the case of performing the 
20 temperature control, which exhibits characteristics 
of this embodiment . 
[0063] 

In this embodiment, the temperature control is 
performed to change the surface temperature of the 
25 fixing roller 1 from Tl in the first revolution with 
a large amount of stored heat to T2 in the second 
revolution or later with a small amount of stored 
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heat, so that the temperature distribution state 
after the thermal relaxation in the first revolution 
becomes the same as that in the second revolution or 
later. Thus, the heat supplying capacity is 
5 maintained uniform. 
[0064] 

Accordingly, power is supplied to the ceramic 
heater 2b to control the temperature of the 
discharged recording material P so as to be almost 
10 constant (at 90GC) as shown in Fig. 6. 
[0065] 

Measurement was performed on image glosses on 
recording materials outputted from the image forming 
apparatus according to the comparative example 
15 relating to the change in the temperature 

distribution of Fig. 4 (b) and the image forming 
apparatus according to this embodiment, resulting in 
Table 1 . 
[0066] 



20 [Table 1] 





Toner amount 


Gloss 


First 
revolution 


Second 
revolution 


Compar at ive 
Example 


Bk mono -color 


15 


7 


2 colors (M+C) 


25 


10 


This 
embodiment 


Bk mono-color 


15 


15 


2 colors (M+C) 


25 


25 



[0067] 

In the fixing apparatus developing the stepwise 
temperature change such as in the comparative example, 
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a large gloss change ±s observed at the turn of the 
temperature change between the first revolution and 
the second revolution. On the contrary, it is 
apparent that the gloss change is suppressed by the 
5 temperature control of this embodiment . 
[0068] 

Note that in this embodiment, a film heating 
type that is high in temperature increase rate is 
shown as an example. In the case of using the 

10 heating means having a large heat capacity which 
requires time for temperature increase, the same 
effects as this embodiment can be obtained by 
switching over the target temperature earlier by the 
time required for the temperature increase. 

15 [0069] 

Further, power supplied to the ceramic heater 
lb is changed between the first revolution and the 
second revolution or later to achieve the uniform 
heat supplying capacity of the fixing roller 1, 
20 producing the same effects. 
[0070] 

<Second Embodiment; Figs 7, 8 and 13> 

Fig. 7 is a cross-sectional schematic diagram 
of the fixing apparatus 10 according to the second 
25 embodiment. The fixing apparatus 10 of this 

embodiment and the fixing apparatus 10 shown above in 
Fig. 1 are compared with each other, and have the 
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same structure except the positional difference of 
the thermistor 5 and the temperature control. 
[0071] 

In the case of the fixing apparatus 10 of this 
5 embodiment, as shown in Fig. 7 , a film guide surface 
shape is provided to the heater holder 2c so as to 
form a film extended contact portion CI in which the 
heating film 2a contacts the surface of the fixing 
roller 1 additionally on an upstream side of the 

10 ceramic heater 2b (heating nip N2) in the surface- 
heating unit 2 in a fixing roller rotating direction. 
That is, the heating film 2a is guided by the heater 
holder 2c, and contacts the fixing roller 1 in the 
heating nip N2 and in the film extended contact 

15 portion CI on the further upstream. 
[0072] 

In addition, in the film extended contact 
portion CI of the surface-heating unit 2, the 
thermistor 5 as the temperature detecting means is 

20 provided by being constantly abutted by a pressure 
spring or the like against a film surface of the 
heating film 2a opposite to the surface contacting 
the fixing roller 1, that is, a film inner surface 
(back surface) thereof. 

25 [0073] 

According to a temperature detecting method 
using the above arrangement, temperature decrease of 
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the fixing roller 1 due to the paper passing is 
reflected on the detection temperature, so that the 
power supplied to the ceramic heater 2b is easy to 
get feedback from the deviation from the target 
5 temperature. Thus, the heat supplying capacity of 

the fixing roller 1 can be further maintained uniform 
[0074] 

Fig. 8 shows the control according to this 
embodiment over the elapse of time, and indicates the 
10 target temperature and the power that is inputted to 
the ceramic heater 2b with the insertion of the 
recording material P in the fixing nip Nl set as a 
starting point. 
[0075] 

15 In this embodiment, the thermistor 5 detects 

the temperature decrease before the heating nip N2 is 
reached by a portion of the fixing roller 1 that 
contacts the leading edge of the recording material P 
In accordance with the detection, the control circuit 

20 100 increases the power supplied to the ceramic 
heater 2b to a certain degree. 
[0076] 

Fig. 13 shows the control flow according to 
this embodiment. In this embodiment, at the time si 
25 when the heating nip N2 is reached by a portion of 

the fixing roller 1 that contacts the leading edge of 
the recording material P, the target temperature is 
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switched from T3 = 190QC to T4 = 220QC, thereby 
supplying a sufficient amount of heat to the fixing 
roller 1. Thus, the heat supplying capacity with 
respect to the recording material P can be maintained 
5 even in the second revolution or later. 
[0077] 

Accordingly, similarly to the first embodiment, 
the temperature of the recording material P after 
discharging can be maintained constant, and the 
10 decrease in gloss due to the revolution can be 
suppressed. 
[0078] 

<Third Embodiment; Figs. 9, 10, and 14> 

Fig. 9 is a cross-sectional schematic diagram 

15 of the fixing apparatus 10 according to the second 
embodiment. The fixing apparatus 10 of this 
embodiment and the above fixing apparatus 10 shown in 
Fig. 1 are compared with each other, and have the 
same structure except the positional difference of 

20 the thermistor 5 and the temperature control. 
[0079] 

That is, the fixing apparatus 10 of this 
embodiment, the film guide surface shape is provided 
to the heater holder 2c so as to form a film extended 
25 contact portion C2 in which the heating film 2a 
contacts the surface of the fixing roller 1 on a 
downstream side of the ceramic heater 2b (heating nip 
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N2) in the fixing roller rotating direction. The 
heating film 2a is guided by the heater holder 2c, 
and contacts the fixing roller 1 in the heating nip 
N2 and in the film extended contact portion C2 on the 
5 further downstream. In addition, in the film 

extended contact portion C2 of the surface-heating 
unit 2, the thermistor 5 as the temperature detecting 
means is provided by being constantly abutted by a 
pressure spring or the like against the film surface 
10 of the heating film 2a opposite to the surface 

contacting the fixing roller 1, that is, the film 

inner surface (back surface) thereof. 

[0080] 

Fig. 14 shows the control flow according to 
15 this embodiment. In this embodiment, the thermistor 
5 is disposed on the downstream side of the ceramic 
heater 2b as the heating source in the film rotating 
direction, so that the thermistor 5 detects the 
heating state of the ceramic heater 2b with a high 
20 responsiveness. Accordingly, the stability 

(convergence) of the feedback control can be improved. 
[0081] 

On the other hand, at the time si when the 
heating nip N2 is reached by the portion of the 
25 fixing roller 1 that contacts the leading edge of the 
recording material P, the thermistor 5 cannot detect 
its temperature decrease. At this timing, the target 
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temperature is changed from T5 = 180QC to T6 = 200QC. 
Note that the timing can be accurately predicted 
based on the time taken for the recording material P 
to reach the fixing apparatus 10 since the paper 
5 feeding. Further, at the time s3 when the thermistor 
5 is reached by the portion of the fixing roller 1 
that contacts the leading edge of the recording 
material P, the target temperature is changed to T7 = 
230QC, thereby maintaining the heat supplying 
10 capacity of the fixing roller 1. 
[0082] 

It is preferable to set T7 such that the 
temperature of the recording material P after 
discharging in the first revolution is the same as 

15 that in the second revolution or later. T6 is a 

temperature between T5 and T7, and is set such that 
the power supply is rapidly performed with the target 
temperature difference between T5 and T6 in 
consideration of the rising time due to the PID 

20 control. 
[0083] 

Fig. 10 shows the control according to this 
embodiment over the elapse of time, and indicates the 
target temperature and the power that is inputted to 
25 the ceramic heater 2b with the insertion of the 

recording material P in the fixing nip Nl set as a 
starting point. 
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[0084] 

According to the above temperature control , the 
surface temperature of the fixing roller 1 in the 
second revolution or later is increased, so that the 
5 heat supplying capacity with respect to the recording 
material P in the first revolution and the second 
revolution or later can be made uniform. Accordingly, 
image non-uniformity such as uneven gloss can be 
eliminated. 
10 [0085] 

<Others> 

a) The fixing roller 1 as the rotary member for 
heating is not limited to the roller member, but a 
pivoting belt member can be used instead. 

15 [0086] 

b) The surface-heating unit 2 as the heating 
source is not limited to the ceramic heater 2b. For 
example, a PTC (Positive Temperature Coefficient) 
heater, a heat generating member of an 

20 electromagnetic induction, or the like can also be 

used. Also, as the ceramic heater 2b, a metal plate 
whose surface has been insulated can be used instead 
of a ceramic insulating substrate. 
[0087] 

25 As the heating film 2a, a film made of metal 

can also be used. In addition, by forming the film 
made of metal itself as the heat generating member of 
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an electromagnetic induction, the structure for 
generating heat by exciting means can be obtained. 
[0088] 

As the surface-heating unit 2, a heating member 
5 of a non-contact type such as an infrared lamp device 
can also be used, 
[0089] 

c) As to the pressure roller 3 as a pressing 
rotary member according to the first embodiment to 

10 the third embodiment, a pressure film unit composed 
of an endless belt and a pressure member, which is 
disclosed in Japanese Patent Application Laid-open No. 
2001-228731, may be used instead of the pressure 
roller to achieve a smaller heat capacity. 

15 [0090] 

d) The heating apparatus according to the 
present invention is not limited to an image heating 
and fixing apparatus according to the embodiments, 
but may be widely used as means or an apparatus for 

20 heating a heating material such as: an image heating 
apparatus for heating a recording material bearing an 
image to reform surface properties including gloss, 
an image heating apparatus for temporary fixing, a 
heating and drying apparatus for a heating material, 

2 5 and a heat laminating apparatus. 
[0091] 

Hereinabove, description has been made of the 
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present Invention by showing various examples and 
embodiments. However, it can be understood by one 
skilled in the art that the gist and the scope of the 
present invention are not limited to the specific 
5 descriptions and drawings in this specification, but 
include all various modifications and variations 
described in the scope of the claims appended hereto. 
Examples of embodiments of the present invention are 
listed hereinbelow. 

10 [0092] 

[ Embodiment 1 ] 

A heating apparatus for heating a material to 
be heated, the material being inserted in a nip to be 
nipped and conveyed therein using heat of a rotary 

15 member, including: a rotary member; an opposing 
member forming a nip with respect to said rotary 
member; a heating member for heating another portion 
other than the nip in a surface of said rotary 
member; and temperature control means for controlling 

20 a temperature of the rotary member heated by said 
heating member, in which after insertion of the 
material to be heated in the nip starts, the 
temperature control means raises a control 
temperature of said heating member before the 

25 completion of one revolution of rotary member. 
[0093] 

[ Embodiment 2 ] 
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A heating apparatus according to embodiment 1, 
in which the temperature control means decrease the 
control temperature of said heating member before 
completion of discharge of the material to be heated 
5 from the nip . 
[0094] 

[Embodiment 3 ] 

A heating apparatus according to embodiment 1 
or 2 , in which after insertion of the material to be 

10 heated in the nip starts, said temperature control 
means raises the temperature of said heating member 
within L/V, where L is the distance from the nip to 
the portion of the rotary member surface to be heated 
by the heating member along the rotating direction of 

15 said rotary member, and V is the tangential speed for 
rotation of said rotary member. 
[0095] 

[ Embodiment 4 ] 

A heating apparatus for heating a material to 

20 be heated, the material being inserted in a nip to be 
nipped and conveyed therein using heat of a rotary 
member, including: the rotary member; an opposing 
member forming a nip with respect to said rotary 
member; a heating member for heating another portion 

25 other than the nip in a surface of said rotary 

member; and temperature control means for controlling 
a temperature of the rotary member heated by said 
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heating member, in which after insertion of the 
material to be heated in the nip starts, the 
temperature control means increases the power 
supplied to said heating member before the completion 
5 of one revolution of rotary member. 
[0096] 

[ Embodiment 5 ] 

A heating apparatus according to embodiment 4, 
in which the temperature control means decreases the 
10 power supplied to said heating member before 

completion of discharge of the material to be heated 

from the nip. 

[0097] 

[Embodiment 6] 

15 A heating apparatus according to embodiment 4 

or 5, in which after insertion of the material to be 
heated in the nip starts, said temperature control 
means increases the power supplied to said heating 
member within L/V, where L is the distance from the 

20 nip to the portion of the rotary member surface to be 
heated by the heating member along the rotating 
direction of said rotary member, and V is the 
tangential speed for rotation of said rotary member. 
[0098] 

2 5 [Embodiment 7] 

A heating apparatus according to any one of 
embodiments 1 to 6 , in which said heating member 
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heats a surface of said rotary member through a film, 
and in which said temperature control means includes 
temperature detecting means in contact with a film 
surface opposite to another film surface contacting 
5 said rotary member in a portion in which the film is 
in contact with the surface of said rotary member. 
[0099] 

[ Embodiment 8 ] 

A heating apparatus according to embodiment 7, 

10 in which said temperature detecting means is disposed 
in the portion in which the film is contact with the 
surface of said rotary member on an upstream side in 
a rotating direction of said rotary member. 
[0100] 

15 [Embodiment 9] 

A heating apparatus according to embodiment 7, 
in which said temperature detecting means is disposed 
in the portion in which the film is in contact with 
the surface of said rotary member on a downstream 

20 side in a rotating direction of said rotary member. 
[0101] 

[Embodiment 10] 

A heating apparatus according to any one of 
embodiments 1 to 6, in which the heating member 
2 5 includes a ceramic heater as a heating source, and in 
which the temperature detecting means that is 
included in the temperature control means is disposed 
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to a back surface of the ceramic heater. 
[0102] 

[Embodiment 11] 

A heating apparatus according to any one of 
5 embodiments 1 to 10, in which the opposing member is 
a rotary member. 
[0103] 

[ Embodiment 1 2 ] 

A heating apparatus according to any one of 
10 embodiments 1 to 11, in which said material to be 
heated is a recording material bearing an image. 
[0104] 

[ Embodiment 13 ] 

An image forming apparatus, including: image 

15 forming means for forming an unfixed toner image on a 
recording material so as to be borne thereon; and 
fixing means for heat -fixing the unfixed toner image 
on the recording material to the recording material, 
in which said fixing means is a heating apparatus 

20 according to any one of embodiments 1 to 12. 
[0105] 

[Effect of the Invention] 

As described above, according to the present 
invention, in a heating apparatus of the surface - 
25 heating type, the rotary member that receives heat 
supply of a surface-heating type by the heating 
member in a portion of the rotary member surface 
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other than the nip for heating the inserted heating 
material, after the insertion of the heating material 
in the nip starts, the control temperature of the 
heating member for heating the rotary member is 
5 increased before the rotary member rotates by one 

revolution. Accordingly, heat supplying capacity of 
the rotary member with respect to the heating 
material can be maintained constant. 
[0106] 

10 The control temperature of the heating member 

is decreased before the discharging of the heating 
material from the nip completes, that is, the control 
temperature of the heating member is recovered before 
discharging the heating material. Accordingly, while 

15 the heating material is not inserted, the temperature 
of the rotary member can be prevented from increasing. 
[0107] 

According to the above actions, there can be 
provided an image forming apparatus in which image 
20 non-uniformity such as uneven gloss is not generated 
even if the heating apparatus is used as an energy- 
saving fixing apparatus with shorter rising time. 
[Brief Description of the Drawings] 
[Fig. 1] 

25 Fig. 1 is a cross-sectional schematic diagram 

of a fixing apparatus according to a first embodiment. 
[Fig. 2] 
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Fig. 2 is a structural diagram showing an 
outline of an image forming apparatus according to 
the first embodiment . 
[Fig. 3] 

5 Fig. 3 is a diagram showing control according 

to the first embodiment. 
[Fig. 4] 

Fig. 4 is a model diagram showing a phenomenon 
that occurs in the first embodiment. 
10 [Fig. 5] 

Fig. 5 is a diagram showing a recording 
material temperature after discharging according to a 
comparative example . 
[Fig. 6] 

15 Fig. 6 is a diagram showing a recording 

material temperature after discharging according to 
the first embodiment. 
[Fig. 7] 

Fig. 7 is a cross-sectional schematic diagram 
20 of a fixing apparatus according to a second 
embodiment . 
[Fig. 8] 

Fig. 8 is a diagram showing control according 
to the second embodiment . 
25 [Fig. 9] 

Fig. 9 is a cross -sectional schematic diagram 
of a fixing apparatus according to a third embodiment. 
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[Fig. 10] 

Fig. 10 is a diagram showing control according 
to the third embodiment . 
[Fig. 11] 

5 Fig. 11 is an operation bar chart of an image 

forming apparatus. 
[Fig. 12] 

Fig. 12 is a diagram showing a control flow of 
the image forming apparatus according to the first 
1 0 embodiment . 
[Fig. 13] 

Fig. 13 is a diagram showing a control flow of 
an image forming apparatus according to the second 
embodiment . 
15 [Fig. 14] 

Fig. 14 is a diagram showing a control flow of 
an image forming apparatus according to the third 
embodiment . 

[Description of Reference Numerals or Symbols] 
20 1 fixing roller 

2a heating film 

2b ceramic heater 

2c heater holder 

3 pressure roller 
2 5 5 temperature detecting means 
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[Name of the Document] Abstract 

[Abstract ] 

[Object] 

An object is to prevent an uneven heating 
5 phenomenon of the heating material in the first 

revolution and the second revolution or later in a 
heating apparatus of a surf ace -heating type, and to 
prevent uneven gloss caused by the uneven heating 
phenomenon in the fixing apparatus . 

10 [Means for Achieving the Object] 

A heating apparatus 10 for heating a material 
to be heated P inserted in a nip Nl to be nipped and 
conveyed therein using heat of a rotary member 1, 
including: the rotary member 1; an opposing member 3 

15 that forms the nip Nl with respect to the rotary 

member 1; a heating member 2 for heating a portion of 
a rotary member 1 surface N2 other than the nip Nl ; 
and temperature control means 5, 100, and 101 for 
controlling temperature used for heating the rotary 

20 member by the heating member 2, in which after 

insertion of the material to be heated in the nip Nl 
starts, the temperature control means 5, 100, and 101 
increases the temperature of the heating member 2 
before the rotary member 1 rotates by one revolution. 

25 [Selected Drawing] 
Fig. 1 
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